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(57) ABSTRACT 

An integrated circuit includes a microcontroller core inter- 
connected with a peripheral component interconnect (PCI) 
interface configurable as a PCI host/CPU bridge when the 
integrated circuit is used in embedded system applications 
and as a PCI device when the integrated circuit is used in a 
hosted application. In some cases, a radio media access 
controller is (MAC) interconnected to the microcontroller. 
Also, a forward error correction (FEC) coder/decoder 
(CODEC) coupled to the radio MAC may be provided. Such 
an FEC CODEC may be configured to provide Reed- 
Solomon coding/decoding. Preferably, one or more commu- 
nication interfaces coupled to the microcontroller are 
provided, each being configured to allow for interconnection 
of the integrated circuit with external communication chan- 
nels. 

18 Claims, 2 Drawing Sheets 
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MULTIPLE USE INTEGRATED CIRCUIT 
FOR EMBEDDED SYSTEMS 

This application claims priority to United States Provi- 
sional Patent Application Ser. No. 60/463,858, filed Jan. 22, 
2001. 

FIELD OF THE INVENTION 
Hie present invention is directed to a multiple-use inte- 



grated circuit 10 may be fabricated in accordance with 
conventional semiconductor processing techniques and is a 
versatile system and network controller that can be used in 
a variety of applications, for example, home networking 
applications such as bridging home wireless and/or wired 
networks. Integrated circuit 10 includes multiple network 
interfaces as well as interfaces for a variety of communi- 
cated busses. In particular, integrated circuit 10 includes 
peripheral component interconnect (PCI) interface 12, 
which allows integrated circuit 10 to serve as a PCI com- 



grated circuit which can be used in a variety of applications, io pliant master or tar g el interface. By further including addi- 



15 



including wireless network applications, as both a peripheral 
component interconnect (PCI) master/target interface in 
conventional or embedded systems. 

BACKGROUND 

Many computer systems utilize the well known PCI bus 
as an interconnect for various devices in computer systems. 
Some devices are capable of operating as both PCI bus 
masters and PCI bus targets; however, these devices do not 
allow for interconnection to other types of communication 20 
channels, nor can these devices serve as bridges to other 
networks/interconnects. Accordingly, a deficiency exists in 
this area. 



SUMMARY OF THE INVENTION 
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An integrated circuit includes a microcontroller core 
interconnected with a peripheral component interconnect 
(PCI) interface configurable as a PCI HOST/CPU support- 
ing multiple PCI devices when the integrated circuit is used 
in embedded system applications and as a PCI device when 30 
the integrated circuit is used in a hosted application. In some 
cases, a radio media access controller is (MAC) intercon- 
nected to the microcontroller. Also, a forward error correc- 
tion (FEQ coder/decoder (CODEC) coupled to the radio 
MAC may be provided. Such an FEC CODEC may be 35 
configured to provide Reed-Solomon coding/decoding. 
Preferably, one or more communication interfaces coupled 
to the microcontroller are provided, each being configured to 
allow for interconnection of the integrated circuit with 
external communication channels. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, 
and not limitation, in the figures of the accompanying 
drawings in which: 

FIG. 1 illustrates one embodiment of an integrated circuit 
configured in accordance with the present invention; 

FIG. 2 illustrates one example of the use of an integrated 
circuit configured in accordance with the present invention 
in a conventional computer system application; 

FIG. 3 illustrates one example of the use of an integrated 
circuit configured in accordance with the present invention 
in an embedded system application. 



DETAILED DESCRIPTION 

A multi-use integrated circuit is described herein. Some 
embodiments of the present invention are described with 
particular reference to the drawings; however, these descrip- 
tions are provided for clarifying certain details of the present 
invention and are not meant to be limiting in scope. Upon 



tional communication interconnects, integrated circuit 10 
enables applications such as a stand-alone residential 
gateway, a residential bridge, or an embedded dual mode 
network controller. 

In addition to PCI interface 12, integrated circuit 10 
includes external bus interface 14. This external bus inter- 
face may be any of a variety of interfaces, such as a universal 
serial bus (USB) interface, an Ethernet/HPNA interface, or 
some other external bus. In other cases, external bus inter- 
face 14 may serve to extend the internal processor control 
bus (part of bus 24) outside integrated circuit 10. Also 
included in integrated circuit 10 is Ethernet medium access 
controller (MAC) 16. Ethernet MAC 16 allows for inter- 
connection with the familiar Ethernet communication bus. 
Further, integrated circuit 10 includes radio MAC 18, which 
allows for interconnection with a digital radio transceiver. 
Thus, integrated circuit 10 can serve as a bridge between 
wired and wireless communication networks. 

The PCI interface 12, external bus interface 14, Ethernet 
MAC 16 and radio MAC 18 may each include direct 
memory access (DMA) controllers which allow for direct 
communication with a memory controller 20. In this way, 
each of these communication interfaces can exchange data 
with an external memory through memory controller 20 
without having to burden a central microcontroller 22. In 
35 other embodiments, each of these data exchanges may occur 
across bus 24 under the control of microcontroller 22 and/or 
DMA controller 26. Note that for the illustrated 
embodiment, external bus interface 14 is shown communi- 
cating with memory controller 20 via DMA controller 26, 
40 thus indicating that the external bus interface 14 need not 
include its own DMA controller. 

Microcontroller 22 acts as the core of integrated circuit 10 
and may be configured to support a full real-time, multi- 
tasking operating system or other operating system. Various 
45 functions to be performed by microcontroller 10 may be 
programmed through the use of configuration memory 28. 
That is, configuration data to control the actions of micro- 
controller 22 (and, by extension, integrated circuit 10), may 
be pre-stored in configuration memory 28. In one 
embodiment, microcontroller 22 may be based on the famil- 
iar ARM microcontroller core. 

Instructions and/or data for micro controller 22 may be 
fetched from external memory through memory controller 
20. In some cases, these instructions and/or data may be 
stored in an on-board cache associated with microcontroller 
22 (not shown). Further, an associated interrupt controller 
(also not shown) may be used to handle interrupts from other 
functional blocks of integrated circuit 10 during operations 
of those functional blocks. 

Radio MAC 18 has a number of interfaces, including a 



50 



55 



review of this specification, those of ordinary skill in the art 60 transmit/receive interface through which it communicates 



will recognize that the present integrated circuit may find 
application in a variety of environments and, therefore, the 
following description should be regarded as illustrative only 
and should not be deemed to limit the scope of the present 
inventions. 

FIG. 1 illustrates one example of an integrated circuit 10 
configured in accordance with the present invention. Inte- 



65 



with an external radio as discussed above. In addition, 
interfaces are provided to memory controller 20 and bus 24 
to allow for the exchange of data with external memory and 
other functional blocks of integrated circuit 10, respectively. 

Also included in integrated circuit 10 is a forward error 
correction (FEC) coder/decoder (CODEC). FEC CODEC 30 
may be used to perform Reed-Solomon coding to protect 
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data before it is transmitted across a noisy communication 
channel (e.g., a wireless communication channel). The use 
of such coding can help reduce error probability in trans- 
missions. During reception, FEC CODEC 30 may be used to 
decode received data. To allow for maximum flexibility, 
FEC CODEC 30 will be configured to allow coding param- 
eters to be set in real-time, allowing for on-the-fly adjust- 
ments of parameters such as block size in order to optimize 
channel efficiency. Such coding parameters may be stored in 
configuration memory 28 or may be accessed through 
memory controller 20 when stored in an external memory. 

To allow for proper coordination of operations in inte- 
grated circuit 10, a phase lock loop (PLL) 32 is provided. 
Such PLLs are well known in the art and need not be 
described further herein. In operation, an external clock 
signal would be provided to PLL block 32, as is familiar in 
the art. 

As indicated above, PCI interface 12 may be used to 
permit integrated circuit 10 to operate as a component of a 
host computer system or may be used to allow integrated 
circuit 10 to operate as the controller of an embedded 
system. In either case, PCI interface 12 may be used to 
facilitate the transfer of wireless and/or multi media data 
to/from integrated circuit 10. In one embodiment, embedded 
in PCI interface 12 is a fully compliant master/target 32 byte 
data interface including power management support. An 
internal communication buffer may use a mailbox mecha- 
nism to allow for communications between PCI interface 12 
and microcontroller 22. In such a scheme, PCI interface 12 
may write data into its communication buffer, which then 
writes to the PCI mailbox in memory, causing an interrupt 
to be generated to micro controller 22. In response, micro 
controller 22 may read data from the communication buffer 30 
and then read the PCI mailbox, causing an interrupt be 
generated to PCI interface 12. Of course, other communi- 
cation schemes can also be used. 

FIG. 2 illustrates an example of a computer system 34 that 
includes integrated circuit 10 as a component thereof. Com- 
puter system 34 has at its heart microprocessor 36, which is 
coupled to PCI bus 38 via bridge 40. Computer system 34 
also includes system memory 42, in the conventional fash- 
ion. Integrated circuit 10 is also coupled to PCI bus 38 and 
has its associated memory 44, which is coupled to memory 
controller 20. Thus, integrated circuit 10 operates as a 
familiar PCI bus device in this configuration, and may also 
act as a bridge to/from a wireless network, thanks to radio 
MAC 18. 

FIG. 3 illustrates an alternative use for integrated circuit 
10, this time as part of an embedded system. In this example, 
integrated circuit 10 forms the central controller of an 
embedded system 50, such as a residential gateway. In this 
example, a number of PCI devices 55 are interconnected 
with integrated circuit 10 across a PCI bus 38 as shown. The 
PCI devices 55 may be any conventional PCI device, such 
as a network bridge, an I/O device such as a floppy disk 
controller, a CD ROM, a serial port interface, a parallel port 
interface, a DVD-ROM, a modem, or other PCI based 
device. Thus, integrated circuit 10 is capable of behaving as 
either a PCI host/CPU bridge on a PCI bus or, as is the case 55 
in the FIG. 2 embodiment, a PCI device (master/target). The 
overall functioning of integrated circuit 10 may be con- 
trolled by firmware stored in configuration memory 28. 
Thus, a multi-use integrated circuit has been described. 

What is claimed is: 

1. An integrated circuit comprising: 

a configuration memory; 

a peripheral component interconnect (PCI) interface; 
an external bus interface; and 

a general purpose, programmable, microcontroller core 65 
interconnected with the PCI interface, the external bus 
interface, and the configuration memory; 
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45 



50 



60 



wherein the integrated circuit is configurable to operate as 
either a microcontroller and PCI host or as a PCI target 
device, responsive to a state of the configuration 
memory. 

2. The integrated circuit of claim 1 further comprising a 
radio media access controller (MAC) interconnected to the 
microcontroller. 

3. The integrated circuit of claim 2 further comprising a 
forward error correction (FEC) coder/decoder (CODEC) 
coupled to the radio MAC. 

4. The integrated circuit of claim 3 wherein the FEC 
CODEC is configured to provide Reed-Solomon coding/ 
decoding. 

5. The integrated circuit of claim 1 further comprising one 
or more communication interfaces coupled to the microcon- 
troller and each being configured to allow for interconnec- 
tion of the integrated circuit with external communication 
channels. 

6. The integrated circuit of claim 5 further comprising a 
DMA controller coupled to the PCI interface, the external 
bus interface, the microcontroller, and the one or more 
communication interfaces. 

7. The integrated circuit of claim 6 wherein the DMA 
controller provides data transfers between the PCI interface, 
the external bus interface, and the one or more communi- 
cation interfaces. 

8. The integrated circuit of claim 1 wherein the external 
bus interface comprises one of an universal serial bus 
interface (USB), an Ethernet interface, or an HPNA inter- 
face. 

9. The integrated circuit of claim 1 wherein the external 
bus interface comprises an extension of a control bus of the 
microcontroller. 

10. The integrated circuit of claim 1 further comprising a 
DMA controller coupled to the PCI interface, the external 
bus interface, and the microcontroller. 

11. An integrated microcontroller comprising: 
a communication circuit; 

a PCI interface; 

an external bus interface; and 

a general purpose processor, wherein the microcontroller 
is configurable to operate in a first mode as a PCI target 
device, or in a second mode as a standalone processor 
and PCI host device. 

12. The microcontroller of claim 11 wherein the commu- 
nication circuit comprises a network interface. 

13. The microcontroller of claim 11 wherein the network 
interface comprises an interface for a wireless network. 

14. The microcontroller of claim 11 wherein the external 
bus interface comprises one of an universal serial bus 
interface (USB), an Ethernet interface, or an HPNA inter- 
face. 

15. The microcontroller of claim 11 wherein the external 
bus interface comprises an extension of a control bus of the 
processor. 

16. The integrated circuit of claim 11 further comprising 
a DMA controller coupled to the PCI interface, the external 
bus interface, and the microcontroller. 

17. The integrated circuit of claim 11 further comprising 
a DMA controller coupled to the PCI interface, the external 
bus interface, the microcontroller, and the communication 
circuit. 

18. The integrated circuit of claim 17 wherein the DMA 
controller provides data transfers between the PCI interface, 
the external bus interface, and the communication circuit. 
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